We previously reported that Pseudomonas sp. AJ-11220, isolated from a soil sample, showed potent ability to produce d-HPG from L-, d-or dl-HPH, and all of the products obtained on the enzymatic hydrolysis of D-, l-and dl-HPH by this bacterium
were conf irmed to be entirely the D-form of HPG.1}
In this study, the optimal conditions for the production of D-HPG were examined, especially as to the enzymatic reaction and the enzyme formation by the bacterium. In addition to d-HPG production, the production of various D-amino acids from the corresponding 5-substituted hydantoins was also investigated.
MATERIALS AND METHODS from a soil sample, was used.
Media.
Medium I contained 5g glucose, 10g yeast extract, 10g peptone and 5g NaCl, in distilled water to make the total volume 1 liter, and was adjusted to pH 7.0. Medium II contained 20g glucose, 5g (NH4)2SO4, lg KH2PO4 Reaction with intact cells. The reaction mixture in a total volume of 5ml of 0.1 m potassium phosphate buffer (pH 8.0) contained 10 to 30 mg/ml of DL-5-(/?-hydroxyphenyl)hydantoin and the cells harvested from 5ml of culture broth. The reaction was carried out at 30 or 40°C after the air in the reaction mixture had been replaced with nitrogen gas for stabilization of the enzyme. The total enzyme activity was defined as the amount of d-HPG produced (mg) in 2hr per 1 ml of culture broth.
Analytical
methods. Amino acids and 5-substituted hydantoins were determined as described in the previous
RESULTS AND DISCUSSION

Establishment of the optimal reaction conditions
The optimal pH for d-HPG production from dl-HPH was about 8.0 on 2hr incubation ( Fig. 1 ). The optimal temperature for d-HPG production was about 43°C on 2hr incubation, as shown in Fig. 2 .
The effects of various metal ions on the production of d-HPG by cells of Pseudomonas sp. AJ-11220 were examined. Except for MnSO4-4H2O (50ppm as metal ions), which slightly stimulated the D-HPG production, most of the metals examined (Fe, Co, Cu, Mg, Ca, Ba, Na, K and Li) at 50ppm level as metal ions showed little influence on the D-HPG production.
ZnSO4-7H2O and NiSO4-6H2O (50ppm as metal ions) showed inhibitory effects on the d-HPG production.
Establishment
of the optimal enzyme formation conditions To establish the optimal medium for enzyme formation, components in the medium were examined using medium III as a basal medium. Glucose at a concentration of 20 g/liter gave the highest activity (total activity, 1.02) among the tested sugars, such as glu- The reaction was carried out at 30°C for 2hr as described in the text except that lOmg/ml ofdl-HPH was used and the pH was varied as indicated.
The cultivation for obtaining the intact cells used as the enzyme source was carried out as described in the text. O, 0. The reaction was carried out for 2hr as described in the text except that lOmg/ml of dl-HPH was used and the temperature was varied as indicated.
The cultivation for obtaining the intact cells used as the enzyme source was carried out as described in the text.
cose, sucrose and glycerol. The enzyme formation increased in proportion to an increase in the yeast extract, but was not affected by the concentrations of the other components i n medium III.
The optimal initial pH was 7.0, but the change in the activity level was only about 10% from pH 5 to 9. The optimal medium volume was found to be 50ml of medium III in a 500ml flask, but the change in the activity level was only slight in the volume range of20 to 100ml. As a result, medium III (pH 7.0 and 50ml/500ml flask) was selected as the best medium for the enzyme formation and thus w as employed in the following experiments. The effects of metal ions at high concentrations were examined using media II and III as basal media. In the system for the production of L-cysteine from DL-2-aminothiazoline-4-carboxylic acid by Pseudomonas thiazolinophilum^the growth of the bacte-rium was sufficient with the addition of Mn2+ and Fe2+ each at a concentration of about 2ppm, but the addition of high concentrations of Mn2+ (about 50 to 500ppm as metal ions) to the medium remarkably promoted the enzyme formation. Pseudomonas sp. AJ-11220 also required Fe2+ and Mn2+ ions for sufficient growth and the maximum growth of this bacterium was obtained with the adition of2ppmeachofFe2+
and The reaction was carried out at 40°C for 2hr as described in the text except that lOmg/ml of dl-HPH was used. The cultivation for obtaining the intact cells used as the enzyme source was carried out as described in the text except that DL-5-cyanoethylhydantoin was added to medium III to a concentration of 1 mg/ml at each time indicated by an arrow. Growth was determined from the optical density of the broth after 26-fold dilution with 0.1 n HC1. O, growth; #, total activity. The reaction was carried out at 30°C for 2hr as described in the text except that 10 mg/ml ofdl-HPH was used. The cultivation for obtaining the intact cells used as the enzyme source was carried out as described in the text except that the indicated compounds were added to medium III without DL-5-cyanoethylhydantoin.
The 5substituted hydantoins and related compounds were sterilized separately.
without DL-5-cyanoethylhydantoin as a basal medium. As shown in Table  I , DL-5-methylthioethylhydantoin and DL-5-cyanoethylhydantoin remarkably promoted the enzyme formation, as did the other 5-substituted hydantoins to lesser extents.
Various structural analogues similar to 5substituted hydantoins were also examined with respect to their abilities to induce enzyme formation. Only uric acid had a marked effect among the tested analogues. The effect of the concentration of DL-5-cyanoethylhydantoin on the enzyme formation was examined. As the growth of Pseudomonas sp. AJ-1 1220 was strongly inhibited by the addition of more than The reaction was carried out at 40°C as described in the text except that 30mg/ml of dl-HPH was used and the incubation time was varied. The cultivation for obtaining the intact cells used as the enzyme source was carried out at 30°C for 20hr as described in Fig. 3(d) .
3mg/ml of DL-5-cyanoethylhydantoin, the stepwise feeding of DL-5-cyanoethylhydantoin was investigated, as shown in Fig. 3 . The growth inhibition was found to be abolished with this method, and cells showing high activity were obtained with the stepwise feeding of DL-5-cyanoethylhydantoin at a final concentration of 5mg/ml (initial addition of 2 mg/ml followed by three further additions of 1 mg/ml during the logarithmic phase). The d-HPG-producing enzyme was inducibly produced by Pseudomonas sp. AJ-11220 in proportion to the cell growth.
Time course of the enzymatic reaction The production of d-HPG from dl-HPH in the presence of intact cells of Pseudomonas sp. AJ-11220 under the optimal conditions was examined. As shown in Fig. 4 The reaction was carried out at 30°C for 2hr as described in the text except that the various substrates indicated in the table were used. The cultivation for obtaining the intact cells used as the enzyme source was carried out as described in the text.
taining the D-HPG-producing enzyme induced by DL-5-cyanoethylhydantoin. As shown in Table II , all of the amino acids except for glycine and alanine were produced as D-forms from the corresponding hydantoins tested. As to the alanine production, the D-alanine produced might have been racemized to dlalanine by the alanine racemase of Pseudomonas sp. AJ-11220.
In a previous study on the hydrolysis of hydantoins, it was found that the enzyme that produced 7V-carbamyl-D-amino acids from the corresponding hydantoins (hydantoinase) had a broad substrate specificity for 5-substituted hydantoins, but that Af-carbamyl-D-lysine was not produced from DL-5-(4-aminobutyl)hydantoin.5 '6) In contrast, the enzyme produced by Pseudomonas sp. AJ-11220 had a broader specificity for various 5-substituted hydantoins including DL-(4-aminobutyl)hydantoin.
In addition, 7V-carbamyl-/?-alanine and jS-alanine were scarcely produced from dihydrouracil by Pseudomonas sp. AJ-1 1220, which was the best substrate of hydantoinase previously reported. This finding shows that the enzyme involved in the hydrolysis of DL-5-substituted hydantoins to D-amino acids produced by Pseudomonas sp. AJ-1 1220 might be a new type of enzyme.
